Abstract. We have found the trend between CO and HI linewidths by compiling the CO and HI linewidths of 219 nearby galaxies. The trend is that the CO linewidths of fast rotating galaxies tend to be larger than the HI linewidths, and that the HI linewidths of slow rotating galaxies tend to be larger than the CO linewidths, whereas the intermediately rotating galaxies have almost equal values. We have examined the trend using the synthetic rotation curve model, which provides the linewidth -absolute magnitude relations at any radii. Combining the linewidth -absolute magnitude relation with the dataset of the CO and HI linewidths can explain that the radius where CO is distributed within the optical radius is reflected in the CO linewidths, and that where HI is distributed beyond the optical radius is also reflected in the HI linewidths. It is concluded that the trend between both linewidths has been occurred by what the distributions of CO and HI in a galaxy are different and what the rotation curves are not entirely flat. We should note that the distribution of CO, HI or something else to be used in measuring the linewidths actually influences the linewidths, therefore the exact linewidths should be corrected for the effects of the rotation curves and the gas distribution.
Introduction
The HI linewidth -luminosity relation (hereafter the HI TF relation) has been one of the most successful and widely applied method to determine distances to galaxies up to cz ∼ 10,000 km s −1 , or 100h
Mpc (e.g. Tully & Fisher 1977 , Aaronson et al. 1986 , Pierce & Tully 1988 . HI observations with a single dish telescope for the HI TF relation beyond this redshift
Send offprint requests to: Y. Tutui E-mail: tutui@mtk.ioa.s.u-tokyo.ac.jp have been affected by the source confusion and the signal dilution due to the larger beam size. For farther galaxies beyond the HI limit 'the CO TF relation' using CO linewidths instead of HI is available (Dickey & Kazes 1992 , Sofue 1992 . It is advantageous for higher cz galaxies, because the beam size in CO observations is sharper than HI, also there are a lot of samples that have higher CO luminosity. The compatibility of CO and HI linewidths has been examined and shown good agreement for nearby spiral galaxies (e.g. Dickey & Kazes 1992 , Schöniger & Sofue 1994 , Schöniger & Sofue 1997 , Lavezzi & Dickey 1998 ). In the case of interacting galaxies both linewidths are affected by the interaction, the CO linewidth is rather stable enough to apply the TF relation for weakly interacting galaxies (Tutui & Sofue 1997) . The distributions of CO and HI in a galaxy are clearly separated and the boundary is known as the molecular front . The rotation curves are not completely flat and the shape and amplitude depend on the size of a galaxy or luminosity (e.g. Sancisi & van Albada 1987 , Persic et al. 1996 . Besides the CO and HI linewidths are given by the rotation velocity where the gas is distributed. This means the relation between CO and HI linewidths depends on the size or luminosity of the galaxy. We discuss the CO and HI distributions with a synthetic rotation curve model presented by Persic et al. (1996) .
In this paper we present the data and sample selection in Sect.2, the comparison between CO and HI linewidths and the analysis based on the rotation curve model given by Persic et al. (1996) in Sect.3, the discussion about the methods that we used for the analysis in Sect.4 and the summary in also the last section.
Data and Sample Selection
We have sampled the 12 CO(J = 1 − 0) linewidth data from some catalogs of nearby galaxies. Although some of these CO linewidths are measured by a single beam that is sufficient to cover the extent of CO, most are synthesized from mapping along the major axis. For the latter case we have estimated the linewidths from the position -velocity diagram. This method may diminish the correlation with the HI linewidths that are observed with the single beam. This effect is discussed in the last section. The properties of the CO data are listed in Table 1 . We have compiled the HI linewidths and the inclination using the LEDA (LyonMeudon Extragalactic Database). From the original sample we have excluded (1) face-on galaxies of i < 30
• and (2) morphologically interacting galaxies. The number of the galaxies after these selections is listed in Column 2 in Table 1 . The linewidths are defined as the full width at 20% of the maximum intensity and corrected for the inclination: W i CO (= W CO / sin i) and W i HI (= W HI / sin i) for CO and HI, respectively.
Results

A Trend between CO and HI Linewidths
We have reexamined the CO and HI linewidths relation as Dickey & Kazes (1992) and Schöniger & Sofue (1992) did, with lager samples. The samples that we used here are selected from slow rotating galaxies to fast rotating galaxies listed in Table 1 . Figure 1 is the plot of CO linewidths against corresponding HI linewidths whose inclinations are corrected. We see from of both CO and HI linewidths are not entirely equivalent, but HI linewidths are broader than CO for slow rotating galaxies (i.e. dwarf galaxies) and CO linewidths are broader than HI for fast rotating galaxies (i.e. massive galaxies). We have fitted the samples by the least square method, and obtained the relation, that is shown as the solid line in Fig.1 :
We have divided the samples into eight bins of the portion of the CO linewidths. The contents of the bins are listed in Table 2 . We have evaluated the mean value and the standard deviation in each bin and shown them S93 B93 L97 K88 N95 T87  0 -100  12  0  3  1  0  0  1  7  100 -200  12  3  5  0  1  0  0  3  200 -300  28  3  8  7  4  3  2  1  300 -400  52  7  7  14  16  5  3  0  400 -500  66  16  8  17  10  6  9  0  500 -600  34  11  6  8  4  0  5  0  600 -700  12  2  2  4  1  2  1  0  700 -900  3  0  0  0  3  0  0  0  total  219  42  39  51  39  16  21  11 Column 1: Range of the CO linewidth of each bin. The linewidth are corrected for the inclination. Column 2: The number of galaxies in each bin. Columns 3 -9: Distribution of the number of galaxies for each reference: Young et al. 1995 (Y95) , Sage 1993 (S93), Braine et al. 1993 (B93) , Lavezzi & Dickey 1998 (L98) , Kenney & Young 1988 (K88), Nishiyama 1995 and Tacconi & Young 1987 (T87) .
in Fig. 2 . Figure 2 indicates the following: (1) The subsamples of each bin obey the best fit relation (Eq. (1)) very well through the whole linewidth. (2) For intermediately rotating galaxies whose linewidth is about between 300 km s −1 and 600 km s −1 , CO and HI linewidths are corresponding very well within the small dispersion. (3) The large dispersions of slow rotating galaxies are caused by not only the small samples but also the difficulties to measure the linewidths. As Giovanelli et al. (1997) indicated, we see that the dispersion in linewidths for the small rotating galaxies increases toward the smaller linewidths, whereas the dispersion for the intermediately to fast rotating galaxies is almost constant.
In the case of applying a linewidth into the TF relation, the estimated absolute magnitude differs in the logarithm of the linewidth, therefore the comparison of both linewidths for the effect of the TF relation should be taken as the ratio. Figure 3 shows the residuals of both linewidths as the notation of (W i HI − W i CO )/W i CO in each bin. This shows that slow rotating galaxies are not proper sample in applying the TF relation, also we should note that the observed rotation velocity in CO and HI provide different values. Figure 4 shows the CO data distribution in each bin over the TF (linewidth -absolute magnitude) diagram. Here the absolute magnitude is calculated by the I-band TF relation given by Pierce & Tully (1992) : As we discussed the difference in the CO and HI linewidths in the previous section, the most appropriate TF relation with the CO linewidths is shifted from the HI TF relation for the slow rotating galaxies and the fast rotating galaxies. This effect also appears in Fig. 4 . The TF relation connected by the CO data points is different from the HI TF relation. The connected CO TF relation except the slowest rotation portion shows a linear relation like the HI TF relation. While it provides the different values of the slope and offset from the HI TF relation, the output absolute magnitudes from both TF relations are not much varied for the intermediately rotating galaxies. It suggests that the compatibility of the CO and HI linewidths is realized for the intermediately rotating galaxies, whereas the fast and slow rotating galaxies have different values.
Synthetic Rotation Curves and the TF relation
In order to discuss the difference between two TF relations, we used the synthetic rotation curve model, that is based on the statistics of rotation curves, proposed by Persic et al. (1996) (hereafter the PSS model). The PSS model provides that the rotation velocity is the function of not only the radius but also the luminosity. Three variables of the PSS model are (1) rotation velocity, V rot , (2) absolute magnitude in the I-band, M I and (3) the galacto-centric radius normalized by the optical disk radius, R/R opt . They make a surface in a three-dimensional In Fig.4 the comparison between the PSS model and the HI TF relation shows the following: (1) The HI TF relation does not fit the PSS model at the slow rotation part (logW i ∼ < 2.3 km s −1 ). This is consistent with what the HI TF relation is not a good tracer for slow rotating galaxies suggested by Giovanelli et al. (1997) . (2) The HI TF relation fits the PSS model of around R/R opt ∼ 1.5 well. This is consistent with the HI distribution in a galaxy, where it is extended over the optical radius. (3) On the other hand, the CO data points trace the inner radius of the PSS model than the optical radius through the whole linewidth. This is also consistent the CO distribution in a galaxy.
Discussion and Summary
The results that we discussed in the previous section can be explained by what the distributions of CO and HI are different and what the rotation curves depend on the luminosity. Figure 5 indicates the specific isoradius curves of R/R opt over the synthetic rotation curves by the PSS model. Rotation curves observed by the optical spectroscopy are within the radius of R/R opt ∼ 1.0. We have found that the specific radius for the CO data is about R/R opt ∼ 0.7, where the rotation curves trace the maximum velocity part of the disk component, whereas for the HI linewidths it is about R/R opt ∼ 1.5 and it traces the outer rather flatter part of the rotation curves. We should pay attention to the difference between them, when we discuss the rotation velocity or the TF relation in CO and in HI. The PSS model is constructed by the statistics of rotation curves and by fitting of two mass components, a disk and a halo. We should note that the PSS model does not follow the real rotation curves in the central region. Sofue et al. (1999) has discussed the central rotation curves, and found that the most rotation curves except dwarf galaxies are almost flat toward the center or show a nucleus high velocity part for some of fast rotating galaxies. Although the bulge and nucleus components are not considered in the PSS model, the influence of these components on the rotation curves is still small for this analysis at R/R opt ∼ > 0.5.
Most of the CO linewidths which we used in this analysis are estimated by the position -velocity diagrams which are observed along the major axis, although the sample of Lavezzi & Dickey (1998) have larger cz and the single beam can cover the CO extent. On the contrary, the HI linewidths are measured by the single beam. It may occur the bias for the relation between the CO and HI linewidths. Mapping along the major axis may not cover the real linewidth. However, the single CO beam only at the center of a galaxy cannot cover the CO extent for nearby galaxies. Anyway the major axis mapping is necessary for the discussion. To avoid the bias due to the major axis mapping we have excluded the face-on galaxies.
In summary, we have found the trend between the CO and HI linewidths by compiling the CO and HI datasets. HI linewidths are larger than CO for slow rotating galaxies, and CO linewidths are larger than HI for fast rotating galaxies. This trend is common through the all datasets, although the slow rotating portion has a large dispersion. The linewidths for slow rotating galaxies of W i ∼ < 300 km s −1 are not appropriate in applying the TF relation. Although the trend gives the different slope and offset values of the TF relation from those of HI , the output absolute magnitude of intermediately rotating galaxies of 300 km s −1 ∼ < W i ∼ < 600 km s −1 is approximately equivalent with that provided by the HI TF relation.
In order to explain the trend we have examined the synthetic rotation curve model proposed by Persic et al. (1996) . Then the trend can be explained by both the different distributions of the CO and HI in a galaxy and the entirely non-flatness of the rotation curves. Combining the TF relation with the synthetic rotation curves of the PSS model provides that the radius within the optical radius where CO is distributed is reflected in the CO linewidths, and the radius beyond the optical radius where HI is distributed is also reflected in the HI linewidths. It is worth noting that the distribution of CO, HI or something else to be used in measuring the linewidths actually influences the linewidths, therefore the exact linewidths should be corrected for the effects of the rotation curves and the gas distribution.
